Abstract
INTRODUCTION
One of the main transportation systems in Libya is the highway system. The main function of this system is to connect cities, towns and villages throughout Libya. Therefore, it is necessary to have highways in an excellent condition from both the structural and functional points of view.
Every agency responsible for the maintenance of roadway systems faces the problem of insufficient funding to perform all of the necessary repairs on all pavement sections. Therefore, highway agencies must adopt a pavement management system (PMS) to help set priorities. The PMS includes a method for evaluating pavement performance on a routine basis and identifying sections with a need for rehabilitation or maintenance (Youssef and Essam, 2001) . One of the key components of any pavement maintenance management system is the pavement rating system. These systems involve calculating a numerical score or index based on the pavement distress and surface condition to make a comparison between roadway segments based on their condition (Samer et al., 2011) . A pavement rating system may be based solely on visible surface distresses or may use an index based on ride quality alone to perform the regular evaluation of pavements and select projects, or it can use a combination of distress and ride quality. The Ohio Department of Transportation (ODOT) utilizes the Pavement Condition Rating (PCR), which is based on surface distress for project selection. When evaluating the condition of pavements, there is a need to apply a systematic approach to identify and quantify the distresses that occur on a pavement. In addition to compiling the type, severity, and quantities of distress observed, the use of a single index to describe the pavement condition is also attractive for use in managing a pavement network (Reza et al., 2006) .
The pavement surface condition data are an important input into a Pavement Management System (PMS) to estimate the maintenance and rehabilitation needs based on a sound analysis. These needs are used for the development of the maintenance budget and the work plan, which serves as a guide to district personnel for the selection of suitable maintenance works. Once a particular pavement link is selected for maintenance, a detailed project level analysis is conducted to determine the specific treatment. One of the key components of any pavement management system is the pavement rating system. These systems involve calculating a numerical score or index based on the pavement distress and surface condition to make a comparison between roadway segments based on their condition. Also, pavement condition surveys play a vital role in the management of a pavement network. A pavement condition survey provides the most valuable information for pavement performance analysis and is vital in order to forecast pavement performance, anticipate maintenance and rehabilitation needs, establish maintenance and rehabilitation priorities, and allocate funding. Pavement Condition Evaluation Techniques can be divided into :
• Visual survey
Visual condition surveys (or distress surveys) vary from the simplistic to extremely detailed and complex. On the simple end of the scale, some agencies use a windshield survey where raters drive along the shoulder of the road and rate the pavement on a scale of 0 to 10 based upon the surface distresses given. No notation of the types or extents of distresses are noted. The obvious shortcoming with this method is that when rehabilitation is recommended, the analyst has no method of determining what types of distresses influenced the overall rating. The analyst only knows that the road is in a certain condition state (Angela et al., 2002) .
The Pavement Condition Index (PCI) was developed in the late 1980s by the U.S. Army Corps of Engineers. It has a scale ranging from 0 to 100. In 2000, the American Society for Testing of Materials (ASTM) adopted the PCI method as a standard practice for roads and parking lot pavement condition index surveys (ASTM Standard D6433-99). The PCI was developed to provide engineers with a numerical indication of an overall pavement condition. During a PCI survey, visible signs of deterioration within a selected sample unit are measured, recorded, and analyzed. Distress types and their severity and quantity are all identified and recorded. The final calculated PCI value is a number from 0 to 100, with 100 representing a pavement in an excellent condition, as shown in Figure 1 . The results of a PCI survey are used for a myriad of purposes, including planning and programming at the network level, generating information used in a project-level rehabilitation design, and assigning maintenance work for each pavement link as in this research. The pavement data are used for the selection of pavement sections and optimum maintenance works, which have a big effect on the pavement condition for Aborshada Road. Typically, the districts have used the data in combination with their local knowledge of pavement conditions to select pavement maintenance projects.
In this search, the road pavement was inspected to survey the different distresses in each sample unit. There are 19 different distresses classified as per the PCI standards. The PCI for roads and parking lots became an ASTM standard in 2007 (D6433-07). The PCI Index is often used at the network level for identifying when treatments should be applied, the impact of not applying treatments, and projecting future conditions. Also, at the project level, they are often used in determining the long-term impact of various treatment alternatives as applied in this search. Information about specific distresses can be used to determine appropriate maintenance actions for consideration.
METHODOLOGY
Pavement surface condition data surveys play a vital role in the pavement management system at the network and project levels. Survey field data is presently being obtained manually. Based on the field investigation data, pavement condition analyses, maintenance and rehabilitation needs, and maintenance priorities have been performed.
The main function of any pavement management system is pavement condition tracking and suggesting the suitable maintenance works. So, the pavement evaluation must be objective, systematic, and repeatable, such as the pavement condition index (PCI) rating system described in ASTM Standard D6433-07. To evalute the pavement condition, the road network must be defined into manageable sections Vol. 22, 2014, No. 3, 37 -44 at both the network and project levels. The road network is divided into branches. Branches are divided into links using factors such as construction history, road pavement type, and so on. Generally, this task is very time consuming, but must be completed.
This section includes a brief review of PCI procedures. In this research, the Pavement Condition Index (PCI) was used to evaluate the pavement performance. The PCI was developed for the U. S. Air Force for airfield pavements and later modified for roads and streets (Shahin and Kohn, 1979; Athanassios et al., 2009 ). The Pavement Condition Index (PCI) was determined by a visual condition survey which identifies the types, severities and quantities of distresses. Firstly, the pavement section was divided into sample units. The number of sample units to inspect can be determined based on the desired level of reliability. The road pavement is periodically inspected to survey the different distresses in each sample unit. The pavement distresses were classified into 19 distresses according to the PCI standards. Then, these measures were used for allocating resources for maintenance, monitoring the results of the maintenance, identifying policy issues, and making budget projections.
Road Description and Pavement Inspection
The road description accounts for the geometric characteristics of the longitudinal and transversal profile : In this case, Aborshada Road`s length is 22 km with two pavement lanes with a width of 7m and a gravel shoulder on both sides. The road is 2 lanes and 2 ways, starting from the city of Gharian to the Hera Gate as shown in Figure 2 .
A manual survey was performed following ASTM D 6433. The pavement link was divided into sections. Each section was divided into sample units. The type and severity of the sample distress was assessed by visual inspection. The quantity of each distress was measured. Typically, this procedure required a team of at least two engineers.
Each sample unit was walked upon, and the team kept record sheets for each sample unit surveyed and recorded the appropriate code for the distress type, its severity and a measurement of quantity. The Pavement Condition Index (PCI) is determined by a visual condition survey, which identifies the types, severities and quantities of distresses. First the pavement section is divided into sample units. The number of sample units to inspect can be determined based on the desired level of reliability. Deduct values are determined through curves developed for every distress type and the severity for all the density levels. The deduct values are then added to acquire a total deduct value (TDV). A correction curve is used to take into account the effect of multiple distresses and adjust the TDV into a corrected deduct value (CDV). The PCI is calculated by the equations:
If all of the sample units in the pavement link are surveyed, then the PCI is averaged. If less than all the sample units are inspected, the PCI link is calculated using the following equation:
where: PCI S : the PCI of the pavement link, PCI 1 : the average PCI of the random samples, PCI 2 : the average PCI of additional samples, N : the total number of samples in the section, and A : the number of "additional" samples inspected.
Fig. 2 Aborshada Road with red colour in dot box in the map, start from city of Gharian to Hera Gate (section from Libya map).
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Pavement Condition Evaluation (PCI calculations)
A pavement link is divided into a number of uniform sample units, (i.e., an area of a 100 m length and 7 m width, with a total sample number of 22). The following calculations are conducted for each sample unit. For each distress and severity level present, the area/length affected is added up and divided by the area of the sample unit, which expressed in percenteges, is referred to as a distress density. Subsequently, the deduct values are computed for each distress density, using a series of charts. These deduct values need to be processed to compute the maximum corrected deduct value (max CDV). The correction is necessary to ensure that the sum of the deduct values does not exceed 100%. If fewer than one of the deduct values is larger than 2%, the max CDV is equal to the sum of the individual deduct values. Otherwise, the max CDV is computed through an iterative process as follows. The deduct values are arranged in a decreasing order. The maximum number of allowed deduct values m, which cannot exceed 10, is given below as a function of the highest deduct value (HDV), (i.e., the first in the decreasing order list):
A widely used distress index that is derived from the deduct values is the Pavement Condition Index (PCI). The general expression for computing PCI is as follows:
where: C : maximum value of the condition index (perfect score). a (T,S,D) : deduct value function that varies with the distress type (T), severity (S), and density (D).
F(t,q)
: an adjustment function that varies with the total deduct value (t) and number of deducts (q). i , j : counters for the distress types and severity levels, respectively. p : total number of observed distress types. m i : number of severity levels for the ith distress type. Typically, three levels of severity are used (low, medium, and high).
Pavement management systems involve collecting information on basic surface distresses and then using those distresses to calculate a pavement condition index (PCI). A pavement with no visual distresses rates 100. Points are deducted for each distress and adjusted for the both severity and extent of the distress to calculate the PCI for a sample of pavement.
Pavement Condition Report.
This report provides the agency engineers with a pavement condition for the current status for each studied link. Also, it provides the condition of the individual pavement sections and the overall road pavement condition and repair needs. The pavement condition was calculated using the data from the inspections of the Aborshada road sections acquired by the author.
Calculation of Pavement Condition Index for Aborshada Road
The inputs to determine the required treatment for Aborshada Road, i.e., the condition survey data which includes distress quantity, severity, and condition index, was used. The optimal maintenance activities plan is arrived at using utilizing the pavement condition index. The pavement distress data was collected by the author during the month of March 2013. Random samples of the road were selected (22 samples), which represent about 10% of the road area. The road pavement was inspected to survey the different distresses in each sample unit. The pavement distresses were classified into 19 distresses according to the PCI standards as shown in Table 1 . The surveyed data and PCI calculations for the samples and the road are shown in Tables 2 to 7 as an example of three samples. The results of the remaining samples are shown in Table 8 .
Pavement maintenance works for Aborshada Road
The selection procedures of the maintenance works were based on the expected performance of the pavement and to eliminate some of the pavement distresses by suitable maintenance works. In general, many factors must be evaluated by a specifying agency when selecting a pavement maintenance treatment. These factors may includes : type and extent of the common distresses, cost of maintenance works, existing surface condition of the Aborshada Road pavement, and other project-specific conditions.
In this study, the Aborshada Road maintenance works were based on the type and extent of the most common distresses found on the pavement surface. The frequencies of the pavement distress numbers were 13, 10, 1, 3, 7, 6, 18 and 9 in a descending percentage order as shown in Table 9 . The major outcome of any pavement treatment program is to identify the best treatment for the sections in need of treatment. Also, pavement distresses govern the choice of the best treatment based on their types and severity.
Pavement performance is determined by both the degree and extent of any distress. So, types and degrees of distress should be considered in determining road maintenance activities and performing project level analysis. In this study case, the maintenance work alternatives were considered in 
CONCLUSIONS AND RECOMMENDATIONS
The major outcome of any pavement treatment program is to identify the best treatment for the sections in need of treatment. The outcome of this work is a practical output of the application of ASTM-D6433-07 for evaluating the Aborshada Road pavement condition in the Gharian area. Also, a determination of the optimum maintenance works was needed to improve the pavement condition. The existing road condition PCI was 35.9, and the rating was very poor. Also, specific conclusions can be drawn based on the observations. The most common pavement distresses were the following :
Tab. 9 Frequency of distress on the Aborshada Road pavement.
1. Potholes were observed throughout the length of the samples with high, medum and low severities. 2. Long. and transverse cracking was observed throughout the length of the samples with high, medum and low severities. 3. Alligator cracking was observed throughout the length of the samples with high, medum and low severities.
The best maintenance alternative for Aborshada Road was case No. 3 (Potholes, Long. & Trans. Cracking and Alligator Crack Maintenance) by which the road condition became satisfactory (80.5). Based on the above findings, the following may be recommended to be considered by the highway agency : 1) Using automated survey techniques to reduce the labor needs and increase the safety of any personnel (in-house or contractor) that may conduct the surveys.
2) The Libyan Highway Agency must take maintenance by contracts into its consideration.
3) The evaluation of the pavement condition before and after maintenance by contract should be performed by a team of well-experienced engineers. 4) The time of maintenance is an important factor in the quality of the results obtained. Thus it is important that routine maintenance should always be performed before any pavement section reaches a poor condition.
No. of Pavement Distress  13  10  1  3  7  6  18  9  Other Distress   Percent of samples  95  90  81  81  68  18  9  5  0 
